ABSTRACT
different conditions. Ni@NCNTs were employed as both adsorbents and catalysts for activating 
INTRODUCTION

33
Worldwide drinking water scarcity has become more intense because of the wide water 34 contaminations, which appears as one of the most critical challenges in the world. Many water 35 treatment techniques have been employed to cope with the rapid deterioration of water pollution in 36 terms of the discharge quantity and ever-increasing complexity [1] . Recently, emerging contaminants, 37 for instance pharmaceuticals and personal care products (PPCPs), have attracted tremendous attention. [11, 12] . Recently, advanced oxidation processes (AOPs) have attracted massive attention as they are 51 very effective for the degradation and mineralization of refractory organic pollutants in the aquatic 52 environment [13] . Typically, AOPs are involving oxidants and superoxides such as ozone, oxygen, 53 hydroperoxide, and various radicals that are capable of destroying target organics to harmless species.
54
Hydroxyl radicals ( • OH) have been most consequently observed in AOPs such as Fenton reaction,
55
UV oxidation and ozonation owing to their superior oxidation ability towards organic pollutants with 56 3 almost no selectivity [14, 15] . Yet, the drawbacks of many • OH-related Fenton-like reactions, such 57 as excess sludge production, narrow pH (~3) requirement and metal leaching, are the bottleneck limits. The degradation experiments were conducted by introducing designed amount of PS into the reaction 136 solutions when the adsorption/desorption equilibrium was reached. After the reaction was initiated, analyzed with an UHPLC system (Thermo-Fisher Scientific 3000) using an UV detector at a detection 141 wavelength of 270 nm. An Acclaim RSLC C-18 column (2.2 μm) was used as a separation column.
142
The mobile phase was a mixture of diluted acetic acid and methanol (70:30, v/v) with a flow rate of 
Results and discussion
149
Characterization of carbon nanotubes materials
150
X-ray diffraction (XRD) was employed to investigate the crystalline structure of the prepared CNTs. 
211
In addition, the magnetic property of Ni@NCNTs before and after acid wash is shown in Fig. S3 .
212
The raw Ni@NCNT showed strong magnetism, and the magnetism was largely reserved even after 213 acid wash, which is due to the carbon layers on Ni particles. Such magnetic property can be very 214 convenient for post catalyst recycling process.
215
In Fig. 3(e) , nickel particles are detected at the tip of the CNTs, which implies that a tip-growth 216 mechanism might be responsible for the formation of carbon nanotube. Besides, the motion trail of 217 nickel particles is illuminated in Fig. 3(f) , suggesting that the nickel particles are able to diffuse along and agreed to the size effect's rule [43] .
11
In order to systematically study the influences of the pyrolysis temperature and amount of nitrogen peak in all samples confirmed that nitrogen atoms were successfully doped into carbon catalysts.
242
Moreover, the XPS element analysis shows the N doping levels are 9.12%, 6.59% and 5.15% in the CNTs formation process. Table S1 shows the N doping levels in Ni@NCNTs at different synthesis 248 conditions.
249
The chemical states of different types of N dopants were studied by high resolution of N1s spectrum 250 in a specific range (392-408 eV). Fig. 4(b) illustrates the N1s spectrum was deconvoluted into four Table S1 . All the samples represented a very low oxygen content due to pyrolysing in the 258 inert gas atmosphere at a high temperature, which enables most of the oxygen containing groups to 259 react with carbon to form COX. The XPS C 1s spectra are shown in Fig. S6 . The thermal stability of 260 14 the typical Ni@NCNTs was investigated by TGA-DSC (Fig. S7) . A total of 32% of the initial weight 261 was remaining which can be nickel compounds such as NiO and Ni2O3, at Ni content of roughly 22%. that gradually increases at low pressure followed by a sharp jump at half way, illuminating the 269 mesoporous structure [50] . The hysteresis loop of each sample in Fig.5 (a) shows quite a similarity,
270
Ni@NCNT-800-3 was slightly broader than the other two, suggesting a higher N doping content 271 would create more defect sites and lead to a more porous structure with a greater surface area and 272 pore volume (Table S2) is more effective than the conventional metal oxide and other carbon catalysts for PS activation.
304
It is believed that a higher N doping level can lead to a more advanced catalysis [51-53]. Fig. 6(b) 
305
shows the effect of the nitrogen doping level on SCP removal. As shown in Table S1 , the nitrogen 306 contents for Ni@NCNT-800-1, Ni@NCNT-800-3 and Ni@NCNT-800-5 are 5.8, 6.6 and 7.7%,
307
respectively. The 15-min pre-adsorption tests show that SCP adsorption capacities are 0.08, 0.11 and 308 0.13 mol g -1 for Ni@NCNT-800-1, Ni@NCNT-800-3 and Ni@NCNT-800-5, respectively.
309
Interestingly, the catalytic ability, however, does not follow the adsorption capacity trend where the 310 reaction rate increases in an order of Ni@NCNT-800-3> Ni@NCNT-800-5 > Ni@NCNT-800-1.
311
The catalysis of Ni@NCNTs was first improved when the nitrogen content increased from 5.8 to 6.6%
312
and more nitrogen functional groups on the CNT surface would work as active sites. However, when 313 the N doping reached its optimum level, a further increased N doping (7.7%) would cause destruction 314 of graphitic network structure and deterioration of the catalyst activity instead.
315
The influence of pyrolysis temperature at 700, 800 and 900 o C on catalytic oxidation was investigated 316 (Fig. 6(c) ). The adsorption capacity and catalytic oxidation of SCP of the three counterparts are in an 317 order of Ni@NCNT-900-3 < Ni@NCNT-700-3 < Ni@NCNT-800-3, where Ni@NCNT-800-3 318 exhibited the best performance of complete decomposition of SCP in 60 min. This indicates that a 319 higher pyrolysis temperature did not necessarily endow greater catalysis and adsorption. Moreover,
320
SEM images showed that high annealing temperature can trigger the destruction and aggregation of 321 carbon nanotubes, which might be a main reason for the deactivation of Ni@NCNTs. The decay of 322 the SCP during the oxidation process was monitored by UHPLC as illustrated in Fig. 6(d) . It can be 323 seen that a well-defined SCP peak appeared at retention time (tR) = 2.65 min and its peak intensity 324 gradually decreased while a number of by-products were emerged during the oxidation process. The degradation will be carried out in the future.
331
In addition, PS activation rate was also checked on some catalysts. As illustrated in Fig. S8 , PS shows Ni@NCNTs catalysts, which confirms the higher activity of Ni@NCNT-800-3.
335
To further investigate the mineralization of SCP oxidation, total organic carbon (TOC) was 336 determined (Fig. S9) . The TOC trend chart is well aligning with UHPLC results that SCP was 337 degreased rapidly in the first 30 min and then became relatively steady and achieved 78% of TOC 338 removal in 180 min, indicating that most of the SCP and its intermediates were oxidized into harmless 339 chemicals such as water and carbon dioxide. The influence of PS loading on SCP degradation rate was studied in the range of 1-4 g L -1 (Fig.7(c) ).
366
The change of the PS loading had an effect on the SCP oxidation reaction, the reaction rate constant However, a further adding of PS after the optimum concentration may cause self-quenching reaction,
370
leading to reduced oxidation efficiency [54] .
371
The influence of initial SCP concentration on its degradation is illustrated in Fig. S10 increased first and started to reduce after reaching the maximum (Fig. S12) .
428
In quenching tests, Fig. 8(b) shows that SCP removal efficiency was slightly decreased when ethanol Other tests for identification of reactive species were also carried out. Degradation of furfuryl alcohol
438
(FFA) as a 1 O2 probe compound was conducted (Fig. S13a) . As shown, 11% of 20 ppm of FFA was 439 removed after 3 h, suggesting that singlet oxygen provides a contribution to SCP degradation. Further 440 quenching tests by using tert-butanol (TBA) and NaN3 for hydroxyl radical and singlet oxygen, 441 respectively, were conducted (Fig. S13b) . In the presence of the two quenchers, SCP degradation was 442 reduced, suggesting the contributions of hydroxyl radical and singlet oxygen in SCP degradation.
24
In our previous studies, a series of catalysts were carried out on controlled quenching experiments, 
